Purpose: This study aimed to compare the differences in functional recovery between patients undergoing plate and nail fixation in the very early period after surgery. Method: This study was designed as a controlled clinical trial that included 18 patients who were surgically treated with either dynamic hip screw as plate fixation or proximal femoral nail as nail fixation for stable intertrochanteric fractures. In particular, all patients selected for the study reported walking completely independently without the use of walking aids prior to sustaining their initial fracture. In all, 8 patients (mean age, 73.8 years; range, 65-89 years) were treated with plate fixation (group plate) and 10 patients (mean age, 79.7 years; range, 70-90 years) were treated with nail fixation (group nail). Functional evaluations were assessed every week after surgery using the Japanese Orthopaedic Association (JOA) hip functional scores and active range of motion (ROM) of the hip joint. Results: The recovery of activities of daily living (ADLs) according to JOA hip functional scores at week 4 after surgery was significantly better in group nail than in group plate (P ¼ .03), whereas active ROM of hip flexion improved significantly in group plate than in group nail at weeks 3 and 4 after surgery (P ¼ .04 and P ¼ .02, respectively). Conclusions: The results suggested that nail fixation may provide a more rapid recovery of ADLs than that of plate fixation in the very early period after surgery. However, plate fixation may provide better ROM of hip flexion than that of nail fixation.
Introduction
Early functional recovery is extremely important for elderly patients with femoral intertrochanteric fractures to shorten their hospital stay, omit the necessity of further nursing and care services, and reduce associated medical expenditures. This is particularly true in Japan, which is one of the countries with most aged society in the world. The 2 types of implants used for treating intertrochanteric fractures include a plate type and a nail type. No prior comparative studies have evaluated early functional recovery (ie, within the first month) of patients after fixation with either device.
Recent studies comparing these 2 devices have been published, focusing on technique, surgical invasiveness, clinical recovery, and complications; however, which fixation method is superior remains controversial. [1] [2] [3] [4] [5] [6] [7] [8] [9] These prior studies have included patients with various types of fractures (stable and unstable) and variable characteristics in terms of preinjury physical fitness, intelligence, and psychological status. Therefore, the inclusion of patients with variable characteristics could influence the results of a study involving clinical recovery.
Furthermore, the type of fracture (stable vs unstable) has been reported to affect mobility until complete bony union is achieved. 10, 11 In addition, the patient's preinjury physical fitness level, locomotive ability, mental status, and intelligence are all characteristics that can influence postoperative rehabilitation. To accurately compare the difference in clinical outcomes between these 2 fixation methods, in this study, we attempted to eliminate as much variability as possible among patients selected for this study.
We hypothesized that surgical invasiveness associated with each fixation method may independently influence functional recovery at a very early stage after surgery. The purpose of this study was to demonstrate which of the 2 types of implants improved locomotive ability, including the ability to stand and walk independently, at the very early stage.
Patients and Methods

Patients and Inclusion Criteria
The inclusion criteria for this study are shown in Figure 1 . This was a controlled clinical trial of 18 patients who were surgically treated for femoral intertrochanteric fractures in an alternating sequence by first nail fixation and then plate fixation by 2 orthopedic surgeons including the first author between 2009 and 2012. These patients had simple intertrochanteric fractures, 31-A1.1 and A1.2, that were diagnosed by the other 2 senior orthopedic surgeons using plain radiography according to the Orthopaedic Trauma Association (OTA) classification. 12 All patients selected for this study reported walking independently without the use of walking aids such as walking frames or canes before sustaining their initial fracture (ie, they had equivalent activities of daily living [ADLs]). A total of 8 patients (6 women and 2 men; mean age, 73.8 years; range, 65-89 years) were treated with plate fixation (group plate) and 10 patients (6 women and 4 men; mean age, 79.7 years; range, 70-90 years) were treated with nail fixation (group nail). Informed consent to participate in this clinical study as well as for the surgical procedure was obtained from all patients before surgery. Simple fractures such as a femoral basal neck fracture, the minor trochanter as fracture fragment, and comminuted greater trochanteric fractures were excluded. Patients with pathological fractures, high-energy injuries, or other multiple injuries were excluded. Patients with apparent dementia or other psychological problems and severe perioperative or postoperative complications that would result in delayed postoperative rehabilitation (ie, bronchopneumonia, cardiac failure, urinary tract infection, or postoperative delirium) in the early period after surgery were also excluded ( Figure 1 ).
In reality, 1 patient who underwent plate fixation was excluded because of postoperative delirium and developing dementia that affected rehabilitation. No patients with severe perioperative or postoperative complications in the early period after surgery were observed.
Surgical Procedures and Rehabilitation
Manual closed reduction of the fracture was performed successfully using a traction device. As determined by intraoperative fluoroscopy, the ideal femoral neck-shaft angle was 130 and the ideal anteversion angle was 20 . Dynamic hip screw with 2 distal locking screws was used for plate fixation, while extra small proximal femoral nail with 1 distal screw was used for nail fixation. The angle of blade to plate and that of blade to nail were 130 .
The ideal position of the blade was just central to the femoral neck both in the lateral and in the anteroposterior fluoroscopic view. The tip of the blade was inserted at a distance of 5 mm up to subchondral bone of femoral head in the anteroposterior fluoroscopic view.
A physiotherapist supervised full weight-bearing and walking exercises that were performed on day 1 after surgery. Plain anteroposterior and lateral radiographs were also obtained for each patient to confirm complete union of the bone.
Evaluation of Factors Affecting Postoperative Locomotive Ability
Patient characteristics and surgical invasiveness. Body mass index, waiting period for surgery, time length of surgery, and intraoperative blood loss were evaluated for each patient. Postoperative blood loss was estimated in each patient by determining the decrease in blood hemoglobin from day 1 to week 1 after surgery.
Functional evaluation. The following factors affecting functional mobility were evaluated for the groups every week from weeks 1 to 4 by 3 physiotherapist.
1. Pain and ADLs scores according to the Japanese Orthopaedic Association (JOA) hip functional scores: Pain in each patient was assessed according to the pain criteria established by the JOA. Subjective pain assessment is shown in Table 1 and divided into 6 categories (total ¼ 40 points).
Activities of daily living scores were assessed in each patient through subjective assessment and were divided into the following 2 categories (total ¼ 40 points): walking ability (total ¼ 20 points) and activity scores (total ¼ 20 points; Table 2 ). Walking ability scores were divided into 6 levels. Activity scores included 5 actions and each action was evaluated using 3 levels.
1. Active range of motion (ROM), angle of hip flexion, and abduction: The active range of hip flexion was measured with patients lying on their backs and with their knees moderately bent. The active range of hip abduction was measured with patients lying on the side opposite the surgical leg. 2. Time to achieve active straight leg raising (SLR) 13 :
Patients were also evaluated for their ability to achieve active SLR for more than 60 seconds in the supine position. Their heels were required to remain no less than 10 cm from the floor, and patients were timed to see how long they could maintain SLR. If patients could maintain SLR for more than 60 seconds, they passed the SLR test. 3. Time to achieve independent standing on the surgical leg 13 :Patients were evaluated based on their ability to stand on the surgical leg for more than 60 seconds. If patients could maintain this posture for more than 60 seconds, they passed this evaluation.
Statistical Analysis
Statistical analysis was performed using SPSS software for Windows (SPSS Inc, Chicago, Illinois). The P values were calculated using nonparametric independent sample tests; the Table 1 . Pain Scores (Points).
40 No pain with ambulation  35 Walking without pain but with discomfort  30 Can walk without pain, but pain occurs when starting to walk or  after long walks  20 No spontaneous pain or pain while walking and completely relieved by rest 10 Somewhat spontaneous or pain while walking that is partially relieved by rest 0 Continuous spontaneous pain through night 
Results
Surgical Invasiveness
Operation time in group plate was significantly greater than that in group nail (P ¼ .03). However, no difference in the postoperative decrease in hemoglobin was observed between day 1 (P ¼ .89) and week 1 after surgery (P ¼ .91). No patient received blood transfusion (Table 3 ).
Functional Evaluation
Pain and ADL scores according to JOA hip functional scores. No significant differences in pain scores were observed in patients at any given week; however, a tendency for improvement in pain was observed in group nail at weeks 3 and 4 after surgery (P ¼ .12, P ¼ .16, respectively; Table 4 ).
In contrast, group nail had significantly higher scores than group plate for the ADLs assessment at week 4 after surgery (P ¼ .03), with an improving trend observed at weeks 1, 2, and 3 (P ¼ .15, P ¼ .055, and P ¼ .068, respectively).
Active ROM, angle of hip flexion, and abduction. Group plate had a significantly greater active ROM of hip flexion than that of group nail at weeks 3 and 4 after surgery (P ¼ .04 and P ¼ .02, respectively), whereas no significant difference was observed in ROM of hip abduction between the groups at any week.
Time to achieve active SLR. Group plate tended to achieve better recovery at week 4 than that of group nail (P ¼ .10).
Time to achieve independent standing on the surgical leg. No significant differences were observed between the groups at any week. Although patients of group nail were unable to stand on the affected leg at weeks 1 and 2, they dramatically recovered at week 3 (P ¼ .04).
Discussion
Previous studies on functional recovery in similar patients have produced varied results. Hardy et al reported that patients undergoing nail fixation had significantly improved mobility at 1 and 3 months after surgery. 14 Pajarinen et al also described that patients achieved early walking more effectively after nail fixation than that after plate fiaxation. 15 In contrast, Madsen et al reported that patients undergoing plate fixation had better walking ability (to a level almost equivalent to the preinjury status) at 6 months after surgery. 16 In contrast, Utrilla et al reported no difference in functional outcomes between patients who underwent plate and nail fixation. However, when they evaluated patients with unstable intertrochanteric fractures, the results showed that nail fixation resulted in better outcomes. 11 No prior studies have compared functional recovery in the very early period after surgery. In this study, we evaluated the recovery of ADLs every week in the very early period after surgery, that is, within 1 month after surgery. In addition, the use of the strict inclusion criteria in selecting patients for this study enabled us to compare the difference between the 2 methods more accurately.
Surgical invasiveness could further affect the postoperative recovery of ADLs. Our results suggested no significant difference in the invasiveness of either procedure. Operation time in group plate was greater than that in group nail. This difference was probably related to the longer time required to repair dissected muscles such as the iliotibial tract and vastus lateralis muscle. However, no significant differences were observed between the groups in terms of postoperative blood loss. These results are comparable with those of Hong et al. 17 Differences in the postoperative recovery of ADLs between groups plate and nail can be attributed to postoperative bone stability and invasiveness of each procedure to the hip muscles. In terms of bone stability, patients undergoing nail fixation had significantly better ADL scores than those undergoing plate fixation but did not perform well when required to stand on the surgical leg with full weight bearing. Aros et al reported that the mechanical axis of the intramedullary nail lies closer to the axis of the femur in nail fixation than in plate fixation. Therefore, nail could decrease mechanical bending stress to the implant. 18 Thus, the mechanical superiority of nail may explain the early achievement of stable gait and the ability to crouch. In contrast, group nail did not perform as well in terms of active ROM of hip flexion. Hip flexion requires contraction of complex muscle groups, including the rectus femoris, iliopsoas, tensor fasciae latae, and gluteus medius muscles. 19 Thus, this difference was probably related to differences in surgical invasiveness to the tensor fasciae latae and gluteus medius muscles. These muscles are invaded at the nail insertion point only in nail fixation. Although patients treated with nail fixation could not stand on the affected leg at weeks 1 and 2 after surgery, they finally achieved the ability to stand on 1 leg at week 3. This dramatic recovery could be associated with the eventual recovery of the gluteus medius muscle after nail fixation.
Some limitations were observed in this study. The majority of patients considered for this study were elderly individuals with intertrochanteric fractures who met the exclusion criteria due to deterioration of locomotive ability, dementia, or another excluding factor. Thus, there were only a few patients who were able to continue and complete the study. Further randomized studies including a larger number of patients are necessary to determine the ideal implant for treating intertrochanteric fractures. In conclusion, we found novel evidence for functional recovery in the very early period after surgery in this prospective study with a small sample size.
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